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(54) Device and procedure for computer-assisted microsurgery

(57)  Thedevice for computer-assisted microsurgery
comprises at least one support for a plurality of sensors,
suitable for detecting the position at least of fixed and
removable localisers (6, 11), connected to a data-proc-
essor (4) in turn connected to a video (5) which indicates
the position of fixed and removable localiser means (6,
11).

The sensors (3) are at least three in number and
the processor (4) compares the data detected by the

three sensors (3).

The procedure for computer-assisted microsurgery
comprises the steps of acquiring first coordinates of re-
movable localisers (11) in a first reference system, of
acquiring, by detecting three coordinates, second coor-
dinates of the removable localisers (11) with respect to
a second reference system integral with a fixed localiser
(6), of associating the first coordinates with the second
coordinates determining the position of the removable
localisers (11) in the second reference system.
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Description

[0001] The present invention refers to a device and
procedure for computer-assisted microsurgery.

[0002] The devices for computer assisted microsur-
gery which currently exist comprise a pair of video cam-
eras which are fixed onto fixed supports and which
frame the operating region, connected to an electronic
computer and to a viewing screen.

[0003] Conventional devices comprise a fixed localis-
er, consisting of a frame which carries a plurality of ele-
ments which can be detected by video cameras, which
is made integral with the head of the patient during the
operation since it is connected to the Mayfield headrest.
[0004] Conventional devices also comprise a detec-
tion pen, consisting of a pen which carries at one end
an element which can be detected by video cameras,
which is manipulated by the surgeon.

[0005] Moreover, the devices comprise a plurality of
fiducials (elements which can be detected in a CAT scan
or the like), which can be applied to the head of the pa-
tient before intervention.

[0006] Usually, before carrying out an operation, the
fiducials are applied to the head of the patient (even the
day before) and an examination is carried out which al-
lows information on the inner anatomy of the patient to
be gathered.

[0007] In particular such examinations can consist of
a CAT (computer-assisted tomography) scan, or else
magnetic resonance scanning, or another type of exam-
ination.

[0008] Fiducials contain a marking liquid which can be
detected in the CAT scan and, therefore, the inner anat-
omy of the patient is determined with respect to a refer-
ence system in which the position of the fiducial is
known.

[0009] Then, at the time of the operation, the patient
is positioned in the operation zone in the visual field of
the video cameras.

[0010] Beforehand, the fixed localiser is applied
(made integral with the head of the patient) and one pro-
ceeds to set the video cameras to communicate to the
computer the coordinates of the fiducials with respect to
the fixed localiser.

[0011] The setting takes place by moving the detec-
tion pen close to each predetermined fiducial (upon
computer request) so that the video cameras can ac-
quire the position of every fiducial which is registered by
the computer.

[0012] In this way, since the anatomy of the patient
had already been detected with reference to the fidu-
cials (during the CAT scan), and since the position of
the fiducials is known with respect to the fixed localiser,
the computer is able to represent the position of the de-
tection pen in the reconstruction in 3 dimensions (3D)
in relation to the head of the patient and, therefore, in
relation to the fixed localiser.

[0013] Nevertheless, conventional devices of the type
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indicated have numerous drawbacks, due to the fact
that the setting step, which is very important for a suc-
cessful outcome of the surgical intervention, requires a
lot of time.

[0014] Indeed, the detection pen has to be moved
close to each fiducial and the position of the fiducial must
be acquired.

[0015] Moreover, the pressure of the detection pen on
the fiducials alters their geometry causing an error in the
determination of the position.

[0016] Moreover, since conventional devices work by
using just two video cameras simultaneously, in some
cases there is an ambiguity in the acquisition of infor-
mation (images).

[0017] Indeed, as is clear from figure 1, if two video
cameras T1, T2 frame points A,B, one is not able to
check if the real points are A, B or else C, D; to solve
the ambiguity in the acquisition of such information it is
necessary to make use of auxiliary instruments (detec-
tion pen).

[0018] Moreover, in conventional devices in which the
video cameras which are used to detect the position of
the fiducials are situated far away from the patient and
are fitted onto a fixed support, sometimes the visual field
is blocked by the surgeon or by his assistants.

[0019] A further drawback of conventional devices is
that to check the position where one is operating (for
example where a portion of the skull is being removed)
it is necessary to interrupt the operation and draw the
removable localiser near to the portion involved in the
operation.

[0020] The technical task proposed of the present in-
vention is, therefore, that of eliminating the aforemen-
tioned technical drawbacks of the prior art.

[0021] In this technical task, a purpose of the inven-
tion is that of realising a device the use of which is not
blocked by the presence of the surgeon or his assistants
who can (involuntarily) prevent the video cameras from
viewing the zone in which the operation is being per-
formed.

[0022] In particular, the present invention allows to
avoid it being necessary to approach a removable local-
iser to every fiducial, but allows acquisition to be carried
out in a completely automatic manner.

[0023] Another purpose of the invention is that of re-
alising a device which works using at least three video
cameras simultaneously and which, therefore, is capa-
ble of detecting the position of points A, B with no un-
certainty.

[0024] A further purpose of the invention is that of re-
alising a device and a procedure for computer-assisted
microsurgery which allow the registering step to be car-
ried out in shorter spaces of time.

[0025] The last but not least purpose of the invention
is that of realising a device and a procedure which allow
the position (on the head) where one is operating to be
checked without needing to interrupt the operation (to
position the detection pen).
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[0026] Appropriately, on the other hand, through the
device and the procedure according to the invention, the
position where one is operating is continually signalled
(on the screen) and updated.

[0027] The technical task, as well as these and other
tasks, according to the present invention are achieved
by realising a device for computer-assisted microsur-
gery comprising at least one support for a plurality of
sensors, suitable for detecting the position at least of
localising means, connected to data processing means
in turn connecting to means for indicating the position
of said localising means, characterised in that said sen-
sors are at least three in number, and in that said
processing means compare the data detected by said
at least three sensors.

[0028] The present invention also refers to a proce-
dure for computer-assisted microsurgery, characterised
in that it comprises the steps of acquiring first coordi-
nates of removable localisers in a first reference system,
of acquiring, by detecting three coordinates, second co-
ordinates of the removable localisers with respect to a
second reference system integral with a fixed localiser,
of associating the first coordinates with the second co-
ordinates determining the position at least of the remov-
able localisers in the second reference system.

[0029] Other characteristics of the present invention
are defined, moreover, in the subsequent claims.
[0030] Further characteristics and advantages of the
invention shall become clearer from the description of a
preferred but not exclusive embodiment of the device
and of the procedure for computer-assisted microsur-
gery according to the present finding, where the device
is illustrated for indicating and not limiting purposes in
the attached drawings, in which:

- figure 1 shows a schematic view of two video cam-
eras which frame two removable localiser ele-
ments;

- figure 2 shows a view from below of a portion of the
device according to the finding;

- figure 3 shows a front view of the device according
to the finding;

- figure 4 shows a side view of the device according
to the finding;

- figure 5 shows a perspective view of a fixed localiser
of the device according to the finding;

- figure 6 shows a perspective view of a removable
localiser or fiducial according to the finding;

- figure 7 shows a perspective view of a portion of a
calibration apparatus; and

- figure 8 shows a scale front view of a plate of the
apparatus of figure 7.

[0031] With reference to the quoted figures, a device
for computer-assisted microsurgery is shown wholly in-
dicated with reference numeral 1.

[0032] The device 1 comprises a support 2 for a plu-
rality of sensors 3 suitable for detecting the position of
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localiser means 6, 11.

[0033] The sensors 3 are connected to data-process-
ing means 4 which, in turn, are connected to indicator
means 5 of the position of the localiser means 6, 11,
such as a video screen.

[0034] Advantageously, the sensors 3 are at least
three in number and the data processing means 4 com-
pare the data detected by the three sensors.

[0035] Moreover, the device 1 comprises a fixed lo-
caliser 6, as localiser means, which is made integral with
the patient during the surgical operation.

[0036] The fixed localiser 6 comprises, for example,
an attachment element 7 which carries a substantially
T-shaped base 8.

[0037] The base 8, in turn, carries four elongated el-
ements 9 which each support a spherical element made
of retro-reflecting material 10 to reflect electromagnetic
radiation.

[0038] The device 1 also comprises a plurality of re-
movable localisers or fiducials 11 as localiser means,
realised through an airtight hollow body filled with a
marking liquid which can be detected in a CAT or MR
(magnetic resonance) scan.

[0039] Fiducials, which can be applied to the head of
the patient, can also be detected by the video cameras,
because they have a removable portion 13 made of ret-
ro-reflecting material which can be fixed to the hollow
body.

[0040] The sensors 3 can be of whatever type but, in
a preferred embodiment, comprise video cameras
equipped with infrared radiation filters.

[0041] In this way the device works only using radia-
tion in the infrared field, limiting disturbance due to light
in the visible range.

[0042] The video cameras 3, moreover, support a plu-
rality of infrared radiation emitters; in the example
shown every video camera carries eight infrared emit-
ting diodes.

[0043] Such emitters 14 have their axis (according to
which the infrared radiation is emitted) substantially par-
allel to an axis of the video cameras 3.

[0044] The support 2 and the video cameras 3 are
preferably fixed to an operating microscope 15, for ex-
ample of the type equipped with a parallel output gate
16 suitable for transmitting information on the focusing
and/or zooming of the microscope 15.

[0045] The invention also refers to a procedure for
computer-assisted microsurgery.

[0046] The procedure for computer-assisted micro-
surgery according to the present invention comprises
the steps of acquiring first coordinates of the removable
localisers or fiducials 11 in a first reference system.
[0047] Thisis carried out, for example, through a CAT
or MR (magnetic resonance) scan.

[0048] Then second coordinates of the removable lo-
calisers or fiducials with respect to a second reference
system integral with a fixed localiser are acquired, de-
tecting three coordinates.
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[0049] This is carried out by using the video cameras,
which detect infrared radiation reflected by the elements
10 of the fixed localiser and/or by the fiducials 13.
[0050] Then thefirst coordinates of the fiducials 11 are
associated with the second coordinates (with respect to
the fixed localiser) determining the position of the re-
movable localisers in the second reference system.
[0051] Then, since the internal anatomy of the patient
was determined in the first reference system (with the
CAT or MR scan), the internal anatomy of the head of
the patient is also determined with reference to the ref-
erence system of the fixed localiser 6.

[0052] The removable localisers 11 are taken away
after the association between the first and second coor-
dinates of the removable localisers or fiducials 11 has
been carried out, since they are no longer necessary
given that their position in the reference system of the
fixed localiser has been identified.

[0053] Advantageously, the step of associating the
first positions with the second positions is carried out by
comparing the distances between the removable local-
isers or fiducials next to each other in each of the refer-
ence systems and by assigning the correspondence be-
tween the positions detected in the first and second ref-
erence system when the distance between two remov-
able localisers or fiducials in the two reference systems
is substantially the same.

[0054] Preferably, the correspondence is reached not
only when such a distance is equal, but also when it is
less than a predetermined margin.

[0055] In this way a margin is allowed for, which guar-
antees recognition even when the two values (for exam-
ple due to calculations) move apart by very small
amounts.

[0056] Moreover, in an appropriate manner, the elec-
tronic processor is also supplied with the information in-
dicating the position of the optical axis of the micro-
scope, which can thus be indicated or represented on
the video with respect to the second reference system
(of the fixed localiser).

[0057] In particular, this is carried out in an initial cal-
ibration step, in which the position of the optical axis with
respect to the video cameras is memorised.

[0058] The electronic processor is also supplied with
the information relative to the focusing and the zooming
of the microscope, so as to find out in a known manner
the depth of the point which is being looked at in the
reconstruction.

[0059] The operation of the device for computer as-
sisted microsurgery according to the invention can be
clearly seen from that which has been described and
illustrated and, in particular, is substantially the follow-
ing.

[0060] Beforehand, the fiducials 11 are fixed onto the
head of the patient (even the day before) and the scan
(for example CAT or MR scan) is carried out.

[0061] Then (for example the following day) the por-
tions 13 made of retro-reflecting material of the fiducials
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are applied to the body 12, the head of the patient is
fixed onto the Mayfield headrest and the fixed localiser
6 is connected to the same Mayfield headrest or to its
support.

[0062] In this way the fixed localiser 6 is integral with
the patient's head.

[0063] Then the device is registered.

[0064] The registration is carried out by passing the
microscope 15 over the head of the patient so that the
video cameras 3 "see" the fiducials 11.

[0065] In practice, the emitter diodes emit infrared ra-
diation which is reflected by the elements 10 of the fixed
localiser or else by the fiducials 11.

[0066] The electronic processor 4 constitutes a refer-
ence system integral with the fixed localiser 6 and,
therefore, determines the position of the fiducials 11 with
respect to such a reference system.

[0067] Therefore, through the procedure which is also
object of the invention, the association of the fiducials
11 in the two reference systems is carried out, i.e. a fi-
ducial 11 which was detected during the CAT or MR scan
is associated with every fiducial 11 which has been de-
tected by the video cameras.

[0068] In this way it is possible to navigate in the in-
ternal anatomy of the head of the patient (which has
been detected during the CAT or MR scan).

[0069] In practice, therefore, itis possible to represent
the position in space of the optical axis of the micro-
scope with respect to the internal anatomy of the head.
[0070] The electronic processor 4 always knows the
position of the optical axis of the microscope 15, be-
cause the support 2 of the video cameras 3 is fixed onto
the microscope 15.

[0071] Therefore, the electronic processor 4 also
sends to the video 5 the information relative to the po-
sition and the orientation of the optical axis of the micro-
scope 15, which can be represented, for example, as a
line on the video.

[0072] The visualisation of the optical axis of the mi-
croscope 15 allows the position (and/or the depth) on
which one is operating to be verified without it being nec-
essary to interrupt the surgical intervention to do this.
[0073] Moreover, when the microscope 15 is suitable
for providing data on its focusing and zooming, the proc-
essor, in a known manner, is also capable of processing
such signals to work out the depth at which one is op-
erating.

[0074] In practice, therefore, the device according to
the finding is suitable for representing both the head of
the patient and/or its internal anatomy, and the optical
axis of the microscope on video; therefore, the surgeon
can use the information which it provides him with in a
very profitable manner.

[0075] The calibration is carried out through the ap-
paratus shown in figures 7 and 8.

[0076] The apparatus comprises a column 30 which
carries at one end a support foot (not shown) and at the
other end a support 31 for a microscope.
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[0077] The support 30 has a through opening 32
where the microscope is attached.

[0078] The column 30, moreover, carries a guide 33
on which a trolley 34 slides driven in translation through
a lever (not shown) suitable for giving the trolley 34 a
micrometric displacement.

[0079] The trolley 34 carries a plate 35 (represented
in scale in figure 8 - dimensions 450x500 millimetres)
which supports a plurality of spherical retro-reflecting el-
ements 36 arranged according to a predetermined ge-
ometry (shown in scale in the attached figure), where
the position of the retro-reflecting elements is memo-
rised in an electronic processor.

[0080] Such a device is used to calibrate the video
cameras.
[0081] Indeed, when the video cameras are applied

to the device 1 the microscope is faced towards the
opening 32, with the optical axis which is substantially
addressed towards the centre of the plate 35.

[0082] The calibration is carried out through a series
of measurements (usually 4 or else 5) in which the plate
35 is positioned at a predetermined distance from the
lens of the microscope and, then, the plate is displaced
by a known amount.

[0083] In this way the processor, which receives the
images from the video cameras and the information on
the displacement of the plate 35, in a known way works
out the roto-translation matrices (calibration parame-
ters) which allow the three coordinates in space to be
worked out from the images detected by the video cam-
eras.

[0084] In the same way, the processor is capable of
detecting and memorising the optical axis of the micro-
scope 15 with respect to the video cameras (which sub-
stantially coincides with the vertical axis of the calibra-
tion apparatus).

[0085] The calibration apparatus also allows the cor-
respondence between the focusing distance and the
distance between the microscope and the position
which is observed with the microscope to be deter-
mined.

[0086] For such a purpose a series of measurements
are carried out with which a map is worked out which
associates every different focal position with a deter-
mined lens distance (microscope) - observed position.
[0087] In practice, it has been noted how the device
and the procedure for computer-assisted microsurgery
according to the invention are particularly advantageous
because they allow the ambiguities in the detection of
the fiducials by the video cameras to be eliminated and,
moreover, make the patient registering step, which must
necessarily be carried out before every intervention,
particularly simple and fast.

[0088] Moreover, by using the device according to the
present invention it is no longer necessary to use the
detection pen.

[0089] The device and the procedure for computer-
assisted microsurgery thus conceived are susceptible
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to numerous modifications and variants, all covered by
the inventive concept; moreover, all of the details can
be replaced with technically equivalent elements.
[0090] In practice, the materials used, as well as the
sizes, can be whatever according to the requirements
and the state of the art.

Claims

1. Device (1) for computer-assisted microsurgery
comprising at least one support (2) for a plurality of
sensors (3), suitable for detecting the position at
least of localiser means (6, 11), connected to data-
processing means (4) in turn connected to indicator
means (5) of the position of said localiser means (6,
11), characterised in that said sensors (3) are at
least two in number, and in that said processing
means (4) compare the data detected by said at
least three sensors (3).

2. Device (1) according to claim 1, characterised in
that said sensors (3) are at least three in number.

3. Device (1) according to one or more of the previous
claims, characterised in that it does not comprise
a detection pen, and in that it allows the position
upon which one is operating to be verified without
it being necessary to interrupt the surgical interven-
tion to do this.

4. Device (1) according to one or more of the previous
claims, characterised in that said localiser means
(6, 11) comprise at least one fixed localiser (6), suit-
able for being made integral with the patient during
the surgical operation.

5. Device (1) according to one or more of the previous
claims, characterised in that said localiser means
(6, 11) comprise a plurality of removable localisers
or fiducials (11), which can be detected both by a
CAT or MR scan and by said sensors (3) and which
are suitable for being applied to a patient.

6. Device (1) according to one or more of the previous
claims, characterised in that said sensors (3) com-
prise video cameras.

7. Device (1) according to one or more of the previous
claims, characterised in that said video cameras
(3) comprise infrared radiation filters.

8. Device (1) according to one or more of the previous
claims, characterised in that said video cameras
(3) support a plurality of infra-red radiation emitters
(14), said emitters (14) having their axis substan-
tially parallel to an axis of said video cameras.
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Device (1) according to one or more of the previous
claims, characterised in that said support (2) and/
or said video cameras (3) are connected to an op-
erating microscope (15).

Device (1) according to one or more of the previous
claims, characterised in that said operating micro-
scope (15) has an output gate (16) suitable for
transmitting information on it focusing and zooming.

Device (1) according to one or more of the previous
claims, characterised in that said removable local-
isers (11) comprise a body (12) to which a portion
(13) which can be detected by said video cameras
(3) is connected.

Device (1) according to one or more of the previous
claims, characterised in that said portion (13)
which can be detected by said video cameras (3) is
removably connected to said body (12).

Procedure for computer-assisted microsurgery,
characterised in that it comprises the steps of ac-
quiring first coordinates of removable localisers (11)
in a first reference system, of acquiring, by detecting
three coordinates, second coordinates of the re-
movable localisers (11) with respect to a second ref-
erence system integral with a fixed localiser (6), of
associating the first coordinates with the second co-
ordinates determining the position of at least the re-
movable localisers (11) in the second reference sys-
tem.

Procedure according to claim 13, characterised in
that when the positions of the removable localisers
(11) are acquired the internal anatomy of the patient
is also acquired, and in that from the position of the
removable localisers in the second reference sys-
tem the internal anatomy of the patient in the sec-
ond reference system is worked out.

Procedure according to claim 13 or 14, character-
ised in that the removable localisers (11) are taken
away after the association between the first and
second coordinates has been carried out.

Procedure according to one or more of claims 13 to
15, characterised in that the step of associating
the first coordinates with the second coordinates is
carried out by comparing the distances between re-
movable localisers (11) next to each other in each
of the reference systems and by assigning the cor-
respondence between the positions detected in the
first and second reference system when the dis-
tances between two removable localisers (11) in the
two reference systems are substantially the same.

Procedure according to one or more of claims 12 to
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18.

19.

20.

21.

10

16, characterised in that it provides the informa-
tion indicating the position of the optical axis of the
microscope (15), to indicate it in said second refer-
ence system.

Procedure according to one or more of claims 13 to
17, characterised in that it provides the informa-
tion relative to the focusing and zooming of the mi-
croscope (15), to work out the depth at which one
is operating.

Calibration apparatus (30), characterised in that
it comprises a plate (35) which supports a plurality
of retro-reflecting elements (36) arranged accord-
ing to a predetermined geometry, where the position
of the retro-reflecting elements (36) is memorised
in an electronic processor.

Calibration procedure, characterised in that it car-
ries out a series of measurements in which a plate
(35) is positioned, which supports a plurality of ret-
ro-reflecting elements (36) arranged according to a
predetermined geometry, at a predetermined dis-
tance from the lens of the microscope and, there-
fore, the plate is displaced by a known amount so
that a processor, which receives the images from
the video cameras and the information on the dis-
placement of the plate 35, works out the roto-trans-
lation matrices which allow the three coordinates in
space of the images detected by the video cameras
to be worked out.

Device (1) and procedure for computer-assisted
microsurgery as described and claimed.
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FIG 3

FIG 4
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